Abstract. The 1/N c expansion provides a theoretical method for analyzing the spin-flavor symmetry properties of baryons in QCD that is quantitative, systematic and predictive. An exact spinflavor symmetry exists for large-N c baryons, whereas for QCD baryons, the spin-flavor symmetry is approximate and is broken by corrections proportional to the symmetry-breaking parameter 1/N c = 1/3. The 1/N c expansion predicts a hierarchy of spin and flavor symmetry relations for QCD baryons that is observed in nature. It provides a quantitative understanding of why some SU(3) flavor symmetry relations in the baryon sector, such as the Gell-Mann-Okubo mass formula, are satisfied to a greater precision than expected from flavor symmetry-breaking suppression factors alone.
INTRODUCTION
It has been rigorously proven that spin-flavor symmetry is an approximate symmetry of baryons in QCD [1, 2] . Spin-flavor symmetry for baryons is formally an exact symmetry in the t'Hooft large-N c limit [3] . For finite N c , the spin-flavor symmetry of baryons is only approximate and is broken explicitly by corrections suppressed by powers of 1/N c . The breaking of the large-N c baryon spin-flavor symmetry for QCD baryons is order 1/N c = 1/3, which is comparable to the order 30% breaking of Gell-Mann SU (3) flavor symmetry. Thus, spin-flavor symmetry is as good an approximate symmetry for QCD baryons as SU (3) flavor symmetry.
Spin-flavor symmetry for QCD baryons has a long history; like SU (3) flavor symmetry, spin-flavor symmetry predates the formulation of QCD. Although spin-flavor symmetry was phenomenologically successful early on [4] , the physical basis for spin-flavor symmetry was not understood, even after the microscopic theory of the strong interactions was known. What has been possible in recent years is to justify spin-flavor symmetry as a bona fide symmetry of baryons in QCD, and to classify the explicit breakings of baryon spin-flavor symmetry to all orders in the 1/N c expansion in a systematic and quantitative manner. It has been shown that the quark-gluon dynamics of large-N c QCD gives rise to a spin-flavor symmetry for baryons. For finite N c , the symmetry is only approximate; there are subleading 1/N c corrections which explicitly break the symmetry. This new insight has led to the formulation of the baryon 1/N c expansion as an expansion in operators with definite transformation properties under baryon spin and flavor symmetry. Each baryon operator in the 1/N c expansion occurs at a known order in 1/N c . Each operator is multiplied by an unknown coefficient which is a reduced matrix element that is not determined by baryon spin-flavor symmetry. Calculating these reduced baryon matrix elements is tantamount to solving QCD in the baryon sector. the Coleman-Glashow relation for baryon masses, as well as many others.
The focus of these lectures is on the application of the 1/N c expansion to QCD baryons. The discussion is meant to be complementary to my review of large-N c baryons [6] , which is more comprehensive. The emphasis here is on baryons in QCD with N F = 3 flavors of light quarks. I will try to keep the formalism introduced to a minimum throughout, although a fair amount is essential and cannot be avoided. Of necessity, a number of important topics have not been covered, even briefly. These topics include nonet symmetry of baryon amplitudes [29] , exact cancellations in baryon chiral perturbation theory [44] , spin-flavor symmetry of excited baryons [15] , and spin-flavor symmetry of heavy quark baryons [31] . An extensive list of publications on the spin and flavor properties of baryons in the 1/N c expansion is given in the references.
LARGE-N C QCD
A recent review of large-N c QCD can be found in Ref. [7] , so the presentation here will be brief.
Large-N c QCD is defined as the generalization of SU (3) gauge theory of quarks and gluons to SU (N c ) gauge theory. The naive generalization of the QCD Lagrangian is given by
where the gauge field strength and the covariant derivative, D µ = ∂ µ + igA µ , are defined as in QCD. For SU (N c ) gauge theory, the gluons appear in the adjoint represention of SU (N c ) with dimension (N 2 c − 1) while the quarks appear in the fundamental representation N c . Thus, there are O(N c ) more gluon degrees of freedom than quark degrees of freedom in large-N c QCD.
The 1/N c power counting of quark-gluon diagrams is readily obtained by introducing t'Hooft double line notation for the gluon gauge field: the adjoint index A on the gauge field (A µ )
A is replaced by fundamental and anti-fundamental indices i and j, so that the gauge field is written as (A µ ) i j , a substitution which is valid up to corrections which are subleading in the 1/N c expansion. In double line notation, the gluon is effectively replaced by a quark line and an antiquark line, as shown in Fig. 1 . When a quark-gluon Feynman diagram is rewritten in double line notation, determining the power in N c of the diagram is equivalent to counting the number of closed quark loops with unrestricted color summations. Fig. 2 gives an explicit example of this 1/N c FIGURE 2.
counting. The diagram shown in Fig. 2 reduces to three quark loops, and is therefore proportional to N 3 c . In addition, the diagram is proportional to four powers of the quarkgluon coupling constant g, since the diagram contains four vertices, each of which is proportional to g. Thus, the overall diagram is proportional to g 4 
simple analysis of other diagrams leads to the t'Hooft result that vacuum Feynman diagrams are proportional to
where V n is the number of n-point vertices in the diagram and χ is the Euler character of the diagram. Consequently, diagrams with arbitrary numbers of 3-and 4-point vertices grow with arbitrarily large powers of N c unless the limit N c → ∞ is taken with g 2 N c held fixed. This limiting procedure, which is necessary to define SU (N c ) gauge theory in the large-N c limit, is known as the t'Hooft limit. The constraint g 2 N c held fixed can be implemented by rescaling the gauge coupling g → g/ √ N c in the original Lagrangian. After this rescaling, Feynman diagrams will be proportional to N χ c , where the Euler character χ = 2 − 2H − L can be computed in terms of the number of handles H and quark loops L of a given diagram. The t'Hooft limit leads to the following results:
• For finite and large N c , planar diagrams with H = 0 dominate the dynamics. (All planar diagrams with a given L are of the same order.) • Diagrams with nonplanar gluon exchange (H = 0) are suppressed relative to planar diagrams by one factor of 1/N 2 c for each nonplanar gluon.
• Diagrams with quark loops (L = 0) are suppressed by one factor of 1/N c for each quark loop.
The dynamics of large-N c QCD is presumed to be confining. The β function of large-N c QCD implies that the rescaled coupling gets large at some scale, let us call it Λ QCD . For E ≤ O(Λ QCD ), large-N c QCD is strongly coupled and is expected to exhibit confinement. The confined theory contains colorless bound states: mesons, baryons and glueballs. The 1/N c power counting for large-N c mesons and for baryons is summarized below.
A meson in large-N c QCD is created with unit amplitude by the operator , and so forth. This power counting implies that large-N c mesons are narrow states which are weakly coupled to one another [8, 9] .
The situation for baryons is qualitatively different. A large-N c baryon is a bound state of N c valence quarks completely antisymmetrized in the color indices of the quarks,
The [1, 2] . Large-N c consistency conditions also lead to the derivation of contracted spin-flavor symmetry for baryons [1, 10] .
SPIN-FLAVOR SYMMETRY OF LARGE-N C BARYONS
Large-N c contracted spin-flavor symmetry can be derived by considering pion-baryon scattering at low energies E ∼ O (1) . In this kinematic regime, the large-N c baryon acts as a heavy static source for scattering the pion with no recoil. There are two tree diagrams which contribute to the scattering amplitude at O(N c ), the direct and crossed diagrams. Using the N c -independent baryon propagator of Heavy Baryon Chiral Perturbation Theory [11] , it is easy to show that cancellation of the O(N c ) scattering amplitude from these two diagrams is given by the large-N c consistency condition [1] 
where the baryon axial vector couplings (in the baryon rest frame) are defined by
Expanding the operator X ia in a power series in 1/N c ,
and substituting into Eq. (5) yields the constraint
for the leading O(N c ) matrix elements of the baryon axial vector couplings. As we will see, the matrix elements of X ia 0 between different baryon states are all determined relative to one another by this constraint, so the O(N c ) portion of the baryon axial vector couplings A ia are all related by symmetry up to an overall normalization constant given by the coupling g, which is the reduced matrix element of the axial vector couplings.
The operator X ia 0 is an irreducible tensor operator transforming according to the spin-1, SU (3) adjoint representation of spin ⊗ flavor, so the commutators of X ia 0 with the baryon spin and flavor generators are given by
The Lie algebra of the baryon spin ⊗ flavor generators, together with Eqs. (8) and (9), yields a contracted spin-flavor algebra [1, 10]
in the large-N c limit.
It is instructive to contrast the contracted spin-flavor algebra with the SU (6) spinflavor algebra
The contracted spin-flavor algebra can be obtained from the SU (6) spin-flavor algebra with the identification
Thus, the SU (6) spin-flavor algebra correctly reproduces the contracted spin-flavor algebra in the large-N c limit. It differs from the contracted spin-flavor algebra by the inclusion of some subleading 1/N c terms in the generators G ia . The contracted spin-flavor algebra in the large-N c limit leads to baryon spin-flavor representations which are infinite-dimensional. For finite N c , it is convenient to work with the SU (6) spin-flavor algebra which leads to finite-dimensional baryon representations. Since the emphasis of these lectures is on QCD baryons with N c = 3, the spinflavor symmetry will be implemented for finite N c . Discussion of the connection between finite-dimensional and infinite-dimensional baryon representations can be found in Ref. [6] .
The lowest-lying large-N c baryon representation of the spin-flavor algebra is given by the completely symmetric tensor product of N c quarks in the fundamental rep of spin-flavor. Under the breakdown of spin-flavor symmetry to its spin ⊗ flavor subgroup, the completely symmetric spin-flavor representation decomposes into the spin and flavor representations displayed in Fig. 4 . The baryon spin-flavor representation contains baryons with spins J = end, we will apply the 1/N c expansion to QCD baryons with N c = 3, and there will be no unphysical baryon states in the expansion.
1/N C EXPANSION FOR BARYONS
The 1/N c expansion of any baryon operator can be obtained by solving large-N c consistency conditions. Each baryon operator has a 1/N c expansion in terms of all independent operator products which can be constructed from the baryon spin-flavor generators. The general form of the baryon 1/N c expansion is given by Each operator O n in the operator basis of the 1/N c expansion can be written as an n-body quark operator using bosonic quarks which carry only spin and flavor quantum numbers. Let q α represent an annihilation operator for a bosonic quark with spin-flavor α = 1, · · ·, 6, and let q † α represent the corresponding creation operator. In terms of these creation/annihilation operators, all n-body quark operators acting on baryon states can be catalogued. There is only a single 0-body quark operator, the baryon identity operator 1 1, which does not act on any of the valence quarks in the baryon. The 1-body quark operators are given by q † q and the baryon spin-flavor generators
The notation here is compact. Each 1-body quark operator is understood to act on each quark line in the baryon. Thus,
In addition, note that q † q = N c 1 1 is not an independent operator and can be eliminated from the list of 1-body quark operators. The 2-body quark operators are given by products of the 1-body quark operators, the baryon spin-flavor generators. Each 2-body operator product can be written as the symmetric product (or anticommutator) of two 1-body operators since the commutator of any two 1-body operators can be replaced by 
a linear combination of 1-body operators by the spin-flavor algebra. This observation also applies to all n-body operators with n ≥ 2. Not all operator products of the spin-flavor generators are linearly dependent, so it is necessary to eliminate redundant operators using operator identities. The complete set of 2-body operator identities for the completely symmetric baryon representation of SU (6) are given in Table 1 along with their respective spin ⊗ flavor representations [25] . It is possible to eliminate all redundant n-body operators by using the 2-body operator identities, so Table 1 gives the complete set of operator identities.
The group theory behind Table 1 is interesting. Purely n-body quark operators are normal-ordered operators of the form
For the completely symmetric SU (6) representation of baryon states, the only nonvanishing normal-ordered quarks operators have tensors T which are totally symmetric in the upper and the lower spin-flavor indices. We would like to reexpress these independent normal-ordered operators as operator products of the spin-flavor generators, whose baryon matrix elements are known. The group theory behind the operator identities is particularly elegant. The 0-body quark operator 1 1 is in the singlet representation of SU (6), whereas the 1-body operators transform as the tensor product of a fundamental and antifundamental of SU (6) , which decomposes into a singlet and an adjoint of SU (6). The 2-body operators are obtained from the tensor product of the symmetric 2-quark representation and its conjugate. Specifically, 0 − body : 1 1 − body :
2 − body :
There are identities which relate the singlet and adjoint 2-body operators to 1-body adjoint and 0-body singlet operators, so the 2-body operators which transform as the singlet and the adjoint are not independent. The relevant identities are most easily understood keeping SU (6) symmetry manifest. The generators J i , T a and G ia form a complete set of SU (6) generators Λ A , A = 1, · · · , 35. The operator identities relating the singlet 2-body operators to the 0-body operator and the adjoint 2-body operators to the 1-body operators are given by the Casimir identities
where C(R) and D(R) are the quadratic and cubic Casimirs for the SU (6) baryon representation R. These Casimir identities for the completely symmetric baryon spin-flavor representation produce the operator identities in the first two blocks of Table 1 . The remaining 2-body operator identities arise because the completely symmetric product of two SU (6) adjoints,
contains an additional tensor structure. The 2-body operator products corresponding to the tensor T
will vanish identically when acting on the completely symmetric baryon spin-flavor representation. These operator product combinations yield the vanishing operator identities given in the third part of Table 1 .
The above operator identities are summarized by the following operator reduction rule: All operators in which two flavor indices are contracted using δ ab , d abc , or f abc or two spin indices on G's are contracted using δ i j or ε i jk can be eliminated.
QCD BARYONS
I will now derive 1/N c expansions for the masses, axial vector currents and magnetic moments of baryons in QCD. SU (3) flavor breaking cannot be neglected relative to 1/N c , and is included in the analysis. For large-N c baryons, the 1/N c expansion extends up to N c -body operators, so the 1/N c expansion for QCD baryons goes up to third order in the generators. The 1/N c expansion including flavor symmetry breaking also goes up to N c -body operators, so perturbative SU (3) breaking extends to finite order in flavor symmetry breaking. For a baryon operator with a 1/N c expansion beginning with a nbody operator, the flavor symmetry breaking expansion extends to order (N c − n).
Masses
The baryon mass operator is a J = 0 operator. The leading operator in the 1/N c expansion is the flavor singlet operator N c 1 1 which gives the same O(N c ) mass to all baryons in a spin-flavor representation. Since the 1/N c expansion begins with a 0-body operator, the baryon mass operator can be expanded to third order in flavor symmetry breaking. Thus, the baryon mass operator decomposes into the SU (3) flavor representations
where the singlet, octet, 27 and 64 are zeroth, first, second and third order in SU (3) flavor symmetry breaking, respectively. Each of these spin-singlet flavor representations has a 1/N c operator expansion. The 1/N c expansions are given by
where it is to be understood that there is an unknown coefficient multiplying each operator in the above 1/N c expansions. Note that the operators in these expansions can be derived using the operator identities in Table 1 . For example, consider the octet mass expansion. SU (3) flavor breaking transforms as the eighth component of an octet. There is only one 1-body operator which is J = 0 and the eighth component of an SU (3) octet, namely T 8 . From Table 1 , one finds that there are three 2-body operators which transform in this manner:
. However, Table 1 shows that one linear combination of these operators is proportional to the 1-body operator T 8 , and that another linear combination vanishes for the completely symmetric SU (6) baryon representation. Thus, there is only one independent 2-body operator. This 2-body operator is taken to be J i , G i8 by the operator reduction rule. Application of the 2-body identities implies that there is a single independent 3-body operator which transforms as a spin singlet and as the eighth component of a flavor octet. Without loss of generality, this operator can be taken to be J 2 , T 8 . Similar analyses produce the other expansions in Eq. (21). The 1/N c expansion of the baryon mass operator given by Eqs. (20) and (21) contains eight independent operators, which is equal to the number of baryon masses in the 56 of SU (6) : the N, Λ, Σ, Ξ, ∆, Σ * , Ξ * , Ω. Each mass operator contributes to a unique linear combination of these eight masses. These linear combinations are given in Table 2 [26] . Each mass combination occurs at specific orders in the 1/N c and SU (3) flavor breaking expansions; these suppression factors also appear in Table 2 . The parameter ε ∼ m s /Λ QCD is the suppression factor for SU (3) flavor symmetry breaking. The final column gives the experimental value for the accuracy of each mass combination, which is defined by the dimensionless quantity 
and the flavor-27 Equal Spacing Rule mass splitting of the spin-3/2 baryon decuplet,
are linear combinations of the two flavor-27 mass splittings specified by the 1/N c expansion, so each is predicted to be a factor of 1/N 2 c more accurate than expected from flavor symmetry breaking factors alone. The most suppressed mass splitting is the flavor-64 Equal Spacing Rule mass splitting,
which is third order in SU (3) flavor breaking and of relative order 1/N 3 c . This mass combination is clearly suppressed by a greater factor than predicted from SU (3) breaking alone. The experimental accuracy of this mass combination is consistent with the 1/N c hierarchy, but a better measurement of the splitting in needed to test the 1/N 3 c prediction of the 1/N c expansion definitively. In summary, the 1/N c hierarchy is observed in the I = 0 baryon mass splittings, and the presence of 1/N c suppression factors explains the accuracy of baryon mass combinations quantitatively.
There also is clear evidence for the 1/N c hierarchy in the I = 1 baryon mass splittings. For example, the Coleman-Glashow mass splitting
has been measured to be non-zero for the first time quite recently. The measured mass splitting is more accurate than the prediction based on flavor suppression factors alone, and is consistent with an additional 1/N 2 c suppression predicted by the 1/N c expansion [26] . It is particularly noteworthy that this prediction of the 1/N c expansion was made before the Coleman-Glashow mass splitting was measured to the precision required to test the 1/N c hierarchy. A more in-depth discussion of the I = 1 baryon mass splittings can be found in Refs. [45] and [46] .
Axial Vector Couplings
The baryon axial vector current operator A ia is J = 1 and an SU (3) flavor adjoint. In the SU (3) symmetry limit, the 1/N c expansion of the baryon axial vector current is given by [25] 
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where B represents the baryon octet, T µ denotes the baryon decuplet, S µ is a spin operator, and A µ is the axial vector current of the pion octet. The coefficients of the 1/N c parametrization and the SU (3) couplings are related by
The 1/N c expansion for the baryon axial vector current can be truncated after the first two operators in Eq. (27) since the two 3-body operators are both suppressed relative to the 1-body operator by a factor of 1/N 2 c . The 2-body operator J i T a can not be neglected relative to the 1-body operator G ia for all a = 1, · · · , 8, so the leading order result for A ia is given by
in terms of two parameters a 1 and b 2 . The operator G ia alone produces axial vector couplings with SU (6) symmetry. If only the G ia operator is retained, the four SU (3) couplings satisfy
The operator J i T a breaks the SU (6) symmetry. The breaking is such that the SU (3) couplings are related by
which reduces to SU (6) symmetry when F/D = 2/3. It is worthwhile to consider the isospin decomposition of A ia into the isovector, isodoublet and isosinglet axial vector currents. The 1/N c expansion for the isovector axial vector current is given by
The 2 The 1/N c operator expansion for the flavor-octet baryon axial vector current can be generalized to include SU (3) breaking. The SU (3)-symmetric expansion begins with a 1-body operator, so the baryon axial vector currents need to be expanded to second order in SU (3) symmetry breaking. However, many of the baryon axial vector current observables are not measured, so it is not necessary to construct the 1/N c expansion to all orders in SU (3) breaking. Instead, the 1/N c expansion will be considered to linear order in SU (3) breaking.
The expansion at linear order in SU (3) breaking involves additional spin-1 operators in different flavor representations,
A valid truncation of the 1/N c expansion to first order in SU (3) breaking was constructed in Ref. [25] . The 1/N c expansion is given by 
where ∆ a = 1 for a = 4, 5, 6, 7 and is zero otherwise, and
A comparison of the 1/N c expansion given in Eqs. (36) and (37) with the experimental data was performed in Ref. [28] . The extracted parameters from the experimental fit are tabulated in Table 3 1 . As discussed in Ref. [28] , c 1 and c 4 are anomalously small, and the character of the fit is not affected in any essential way by neglecting these parameters altogether. The coefficients c 2 and c 3 are suppressed relative to a 1 and b 2 by a factor consistent with a power of SU (3) breaking ε. There is evidence for the 1/N c suppression factors predicted in the 1/N c expansion in the relative magnitudes of coefficients: a 1 and b 2 are comparable, as are c 2 and c 3 , which is what is expected from the 1/N c analysis. However, the fit of Ref. [28] is somewhat unsatisfying in that the χ 2 per d.o.f. is large, which was attributed to probable inconsistency in the experimental data.
A plot in Fig. 8 of the deviations of the baryon axial vector couplings from an SU (3)-symmetric fit is revealing. The SU (3) breaking of the baryon octet axial vector couplings 
obtained from hyperon β-decay measurements is very small, as is well-known. The 1/N c expansion in Eq. (36) predicts the axial vector couplings of the 56 spin-flavor multiplet all together, which means that the SU (3) breaking of hyperon semileptonic decay is related by spin-flavor symmetry to the SU (3) breaking of nonleptonic decay decuplet → octet + pion. Thus, the pion axial vector couplings between the decuplet and octet baryons are included with the hyperon β-decay g A s in the fit to SU (3) breaking of the baryon axial vector couplings. Fig. 8 reveals that SU (3) breaking is much larger for the decuplet-octet axial couplings than for the octet-octet couplings, and that an excellent fit is obtained with the exception of the hyperon β decays Ξ → Λ, and Ξ → Σ.
The experimental uncertainty of these two measurements is sizeable, and there are discrepancies between different experimental measurements for these couplings. Thus, it is likely that the experimental data for these decays is not entirely trustworthy, and may account for the large χ 2 per d.o.f. of the fit. Fig. 8 shows that the 1/N c fit favors smaller SU (3) breaking for these couplings.
The first six experimentally measured baryon axial vector couplings in Fig. 8 are isovector couplings, which suggests an analysis using SU (2) ×U (1) Y flavor symmetry rather than SU (3) flavor symmetry. The 1/N c expansion for baryon isovector axial vector couplings using SU (2) ×U (1) Y flavor symmetry is given by
where a = 1, 2, 3 is an isovector index, and it is to be understood that each operator is multiplied by an unknown coefficient. The matrix elements of G ia for baryons with strangeness of order unity are O(N c ), whereas the matrix elements of J i , I a , and J i s are O(1), so a valid truncation of the 1/N c expansion is given by
up to terms which are suppressed by 1/N 2 c relative to the leading operator G ia . Eq. (39) yields the equal spacing rule for baryon axial couplings derived in Ref. [12] . The rule implies an equal spacing of the decuplet → octet baryon non-leptonic pion couplings which is linear in strangeness,
This equal spacing rule is clearly evident in the experimental data, as shown in Fig. 8 . Eq. (39) also implies SU (4) spin-flavor symmetry for the baryon isovector axial vector couplings in each strangeness sector, so β-decay couplings n → p and Σ → Λ are related to the decuplet → octet pion couplings with strangeness zero and −1, respectively. These relations are very well-satisfied.
Magnetic Moments
The magnetic moment operator is J = 1 and transforms as the Q = T 3 + T 8 / √ 3 component of an SU (3) flavor 8. The 1/N c expansion of the magnetic moment operator is the same as for the axial vector couplings with
The isovector magnetic moments are O(N c ) whereas the isoscalar magnetic moments are O(1) at leading order in the 1/N c expansion, so it makes sense to construct 1/N c expansions for the isovector and isoscalar magnetic moments separately [16] . The 1/N c expansion of the isovector magnetic moments is given by
up to terms which are suppressed by 1/N 2 c relative to leading 1-body operator G i3 . The 1/N c expansion of the isoscalar magnetic moments is given by
up to terms of order 1/N 2 c compared to the two leading order 1-body operators J i and J i s . It is to be understood that every operator in Eqs. (42) and (43) is multiplied by an unknown coefficient of order unity. There are 21 independent magnetic moments of the baryon octet and decuplet, including transition magnetic moments. These 21 magnetic moments consist of 11 isovector combinations and 10 isoscalar combinations. The 1/N c hierarchy of combinations of isovector and isoscalar magnetic moments is given in Table 4 .
The 11 isovector magnetic moment combinations are parametrized in terms of the two operators of Eq. (42), so there are nine isovector magnetic moment relations which are satisfied to order 1/N c . These relations are listed as V 1 − 9 in Table 4 . Only one combination is measured, and the experimental accuracy 10 ± 2% is consistent with the 1/N 2 c prediction of the 1/N c expansion. The 1/N c expansion of the isovector magnetic moments can be truncated to the single operator G ia by eliminating the subleading operator N s , G i3 operator. The isovector magnetic moment combination corresponding to this subleading operator is O(1) in the 1/N c expansion, or of relative order 1/N c compared to the leading O(N c ) contribution, and is listed as V 10 1 is Table 4 . The experimental accuracy of this relation is 27 ± 1%, which is consistent with the prediction 1/N c of the 1/N c hierarchy. It is possible to derive a slightly different version of this mass combination by considering an SU (3) analysis. In this analysis, the 2-body operator is T 8 , G i3 , which is first order in SU (3) breaking and order 1/N c compared to the leading operator. The magnetic moment combination corresponding to this SU (3) operator is listed as V 10 2 . The experimental accuracy of this relation is 13 ± 2%, which is completely consistent with the theoretic prediction of ε/N c of the 1/N c expansion.
The 10 isoscalar magnetic moment combinations are parametrized by two 1-body operators at leading order in the 1/N c expansion, so there are eight isoscalar magnetic moment relations, which appear as S1 − 8 in Table 4 . The 1/N c expansion of Eq. (43) contains four operators, so there are six isoscalar combinations S1 − 6 which are order 1/N 2 c . The two subleading 2-body operators correspond to isoscalar relations S7 and S8, 
